Background and aims Given the limited data on the safety of endoscopic retrograde cholangiopancreatography (ERCP) in patients with liver cirrhosis, we attempted to evaluate this question using a large national database.
Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is the treatment modality of choice for pancreatobiliary disorders with more than half a million procedures being performed annually [1] . Patients with underlying liver cirrhosis may develop common bile duct stones that may require ERCP. They are also at an increased risk of adverse events due to underlying liver dysfunction [2, 3] . It is well known that advanced liver disease is a significant risk factor for perioperative complications after surgery [4] . The safety and outcomes of ERCP in cirrhotic patients is unclear as the literature for safety of ERCP in cirrhosis has consisted mainly of small retrospective studies [3, 5, 6] .
Although a retrospective study reported that there was no increased risk of adverse events in cirrhotic patients undergoing ERCP, patients with Child -Pugh (CP) Class B and C had a higher rate of adverse events compared to CP Class A [5] . Other studies have suggested that the risk of ERCP-related bleeding is increased in cirrhotic patients [3, 6] . Given the lack of population-based studies and conflicting literature on the safety of ERCP in cirrhotic patients, we attempted to address this question using a national database.
The aims of our study were (1) to assess the prevalence of various ERCP-related adverse events in patients with cirrhosis, (2) to compare rates of adverse events with non-cirrhotic controls, and (3) to evaluate the impact of cirrhosis on adverse events, length of stay, and hospital costs.
Methods

Data source
We obtained data from the Nationwide Inpatient Sample (NIS) database which is the largest all-payer inpatient care database in the US. The NIS database is developed for the Healthcare Cost and Utilization Project (HCUP) and it represents about 20 % of the stratified sample of US community hospitals, including all non-federal general and subspecialty hospitals, public hospitals and academic medical centers. The data includes demographic variables (including age, gender, race/ethnicity), discharge disposition, primary and secondary diagnoses (up to 15), primary and secondary procedures (up to 15), primary insurance payers, total hospital charges, and length of stay. For our analysis, we used data from the HCUP NIS for the year 2010, which contains data from 45 states and 1051 hospitals, accounting for over 8 million discharges.
Study groups, definitions, inclusion and exclusion criteria
Using the 2010 NIS dataset, all patients between the ages of 18 and 90 years at admission and who underwent an inpatient ERCP were included in the study. The patient population and controls were selected based on procedural coding in accordance with the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9 CM).
We classified the indications for ERCP into purely diagnostic ERCP and therapeutic ERCP. Indications for ERCP were further classified as biliary and pancreatic indications. The ICD-9 CM procedure codes are included in Appendix 1.
The control population was selected among non-cirrhotic patients who underwent ERCP by using stratified sampling. The controls were selected randomly using the "radmatch" code in the Stata 13.0 software package (Stata Corp LP, College Station, TX, United States) in which four non-cirrhotic controls were matched randomly for every cirrhotic patient from the same 10-year age group. The sampling design is shown in ▶ Fig. 1 .
The study group included patients with a concomitant diagnosis of cirrhosis (ICD-9 CM codes 571.2, 571.5, 571.6; Appendix 1). Patients with coexisting ICD-9-CM codes for variceal hemorrhage were included in the initial analysis as long as it was not a primary diagnosis code. The study group was further classified into decompensated and compensated cirrhosis. We used previously defined criteria for compensated and decompensated liver disease using the Baveno IV classification of cirrhosis severity [7] . The patients with compensated liver disease were defined as those without ascites, variceal bleeding or hepatic encephalopathy: Baveno IV stages 1 and 2. The patients with decompensated liver disease were defined as those with a concomitant diagnosis of diagnosis of variceal bleed (ICD 9 code 456.0, 456.2), ascites (789.5), portal hypertension (572.3) or hepatic encephalopathy (572.2) (Baveno IV stages 3 and 4) [7] .
We classified hospitals into small, medium and large based on bed size which was defined based on region of the United States, the urban -rural designation of the hospital, and the teaching status in the NIS database. Appendix 2 describes how the bed size is defined based on the NIS database. In addition to the demographic information (age, race, and sex), health insurance status was derived, classified as private, Medicare, Medicaid, or other/unknown.
Outcomes
The primary outcomes evaluated were ERCP-related adverse events (AEs) (pancreatitis, bleeding, infection, perforation, and mortality). The secondary outcomes included length of stay and hospital costs. We adopted the previously defined definition for post-ERCP pancreatitis (PEP) from the NIS database that has been validated before [8, 9] . PEP requires a billing code of ICD-9 code 997.4 (complication of gastrointestinal procedure) along with the pancreatitis code, and previous studies have validated the diagnosis of PEP based on this [8, 9] . Bleeding after ERCP was identified by specific ICD-9 codes used to define post-ERCP hemorrhage (998.11, 909.3, and V58.89). Cholecystitis after ERCP was identified by using ICD-9 codes 575.0 and 575.1. Perforation after ERCP was identified by using ICD-9 code 569.83.
Comorbidities
Comorbid conditions were recorded using the Elixhauser comorbidity algorithm, which is a commonly used risk adjustment measure [10] . We used this instead of the Charlson comorbidity score [11] because Elixhauser has been suggested to be a superior risk-adjustment model in patients with cardiac and respiratory conditions commonly seen in patients with cirrhosis [12] .
The NIS database consists of deidentified data with no risk of loss of confidentiality. The present study was exempt from Florida Hospital Institutional Review Board review. The data user agreement was completed with the Agency for Healthcare Research and Quality before using the NIS database.
Statistical analysis
All statistical analyses were performed using the Stata 13.0 software package (Stata Corp LP, College Station, TX, United States) to adjust for the complex sampling design of the NIS. Hospital and discharge level weights were applied to the NIS 2010 data as appropriate for the analysis.
Statistical analysis was performed using chi-squared tests for categorical data and the Student's t test for continuous data. A P value of less than 0.05 was considered statistically significant. Bivariable analyses were performed to assess the indications and adverse events of ERCP in cirrhosis. We also used multivariable logistic regression to assess the association between cirrhosis and PEP and post-ERCP bleeding while adjusting for age, gender, race/ethnicity, health insurance, comorbidity, teaching hospital status, diagnostic vs therapeutic indication for ERCP, biliary vs pancreatic indications for ERCP, alcoholic vs non-alcoholic cirrhosis, ERCP related interventions such as sphincterotomy and pancreatic stent placement, and the hospital bed size. Total hospital costs were also obtained. The charge information represents the amount that hospitals billed for services. The national cost estimates were determined by multiplying total charges by a hospital-wide, cost-to-charge ratio per hospital derived from the Centers for Medicare and Medicaid standardized hospital accounting reports.
Results
Of 7 800 441 discharges recorded in the NIS 2010 database, we found a total of 3228 discharges for cirrhotic patients who underwent ERCP. Age-matched controls were selected in a 1:4 ratio (controls, n = 12 912). Among the 3228 patients with cirrhosis, 2603 (80.6 %) had decompensated and 625 (19.4 %) had compensated disease. ▶ Table 1 presents the characteristics of the two groups. Patients in the cirrhotic group were more likely to be males with Medicare insurance. Patients in the cirrhotic group had less comorbidity as determined by Elixhauser index. There was no difference between the two groups with respect to pre-procedure sepsis, admission to a teaching hospital, weekend admission, and rural/urban location. Cirrhotic patients who underwent ERCP had an increased length of stay compared with controls (mean, 9.1 vs. 6.5 days, P < 0.01). The total cost of hospitalization was higher for cirrhotics than non-cirrhotic patients ($79 282 [631.2] vs. $ 57 786 [612.9], mean [SE], P < 0.01).
▶
Indications for ERCP
Common bile duct stones with or without gallstones was the most common indication for ERCP among cirrhotics. ▶ Table 2 summarizes the indications for ERCP in patients with cirrhosis and controls. Approximately 18.9 % of the patients in the cirrhosis group had pre-procedure cholangitis. Patients with cirrhosis were significantly less likely to have ERCP performed for acute biliary pancreatitis (26.6 % vs. 33.8 %, P < 0.01). There were 165 patients with chronic pancreatitis in the cirrhosis group (5.1 %) and 611 patients in the non-cirrhotic group (4.7 %). There was no statistically significant difference in the proportion of chronic pancreatitis between the two groups (P = 0.37).
Adverse events
On bivariable analysis, ERCP-associated adverse events of pancreatitis (12 % vs. 10.4 %, P = 0.01) and bleeding (2.1 % vs. 1.2 %, P < 0.01) were higher in patients with cirrhosis compared to controls. There was no statistically significant difference detected in perforation (0.2 % vs. 0.1 %, P = 0.8) or infection (0.3 % vs. 0.4 %, P = 0.5) between patients with and without cirrhosis. Additionally, patients with cirrhosis undergoing ERCP were less likely to have a pancreatic stent placed compared to non-cirrhotics (5.5 % vs. 6.9 %, P = 0.01). Cirrhotic patients undergoing ERCP were less likely to have biliary sphincterotomy or papillotomy performed compared to those without cirrhosis (57.8 % vs. 68.6 %, P < 0.01). ▶ Supplementary Table 1 demonstrates the risk of adverse events in alcohol and non-alcohol related cirrhosis. The risk of post-ERCP pancreatitis (PEP) was significantly higher in patients with alcoholic cirrhosis compared to non-alcoholic cirrhotic patients. Alcoholic cirrhotic patients who underwent ERCP also had increased length of hospital stay and incurred higher hospitalization costs.
▶ Table 3 summarizes the adverse events of ERCP in patients with and without cirrhosis. ▶ Table 4 summarizes the adverse events of ERCP in patients for diagnostic and therapeutic indications and for biliary and pancreatic indications in patients with and without cirrhosis. There was no significant difference in the risk of adverse events in patients with and without cirrhosis who underwent ERCP for purely diagnostic indications or for pancreatic indications.
Multivariable analysis of post-ERCP pancreatitis (PEP)
On multivariable analysis, the risk of developing PEP with compensated cirrhosis (1.0; 95 % confidence interval (CI) 0.6 -1.2) was not statistically significantly different from the risk of developing PEP with decompensated cirrhosis (1.3; 95 %CI 0.9 -1.7) (▶ Table 5 ). On multivariable analysis, every 1 point increase in the Elixhauser index (adjusted odds ratio [aOR], 1.1; 95 %CI 1.1 -1.3) and biliary sphincterotomy (aOR 1.7; 95 %CI 1.2 -2.3) increased the risk of PEP. Therapeutic ERCP was also associated with an increased risk of PEP (aOR 1.1; 95 %CI 1.1 -1.3). The use of a pancreatic stent (aOR 0.8; 95 %CI 0.7 -0.9), ERCP for biliary indications (aOR 0.8; 95 %CI 0.6 -0.9), male sex (aOR 0.8; 95 %CI 0.7 -0.9), medium hospital size (aOR 0.8; 95 %CI 0.7 -0.9), and large hospital size (aOR 0.6; 95 %CI 0.4 -0.6) were associated with a decreased risk of PEP. ing. Performing ERCPs in medium (aOR 0.7; 95 %CI 0.6 -0.9) and large hospitals (aOR 0.5; 95 %CI 0.4 -0.6) was associated with a decreased risk of post-ERCP bleeding (▶ Table 6 ). ▶ Supplementary Tables 2 and 3 illustrate the impact of cirrhosis on the length of stay and hospitalization costs.
▶
Discussion
In this large national study, we demonstrate that performing biliary sphincterotomy in both compensated and decompensated cirrhosis is independently associated with an increased risk ▶ of post-procedure bleeding. Performing biliary sphincterotomy was associated with an increased risk of PEP, while placement of a pancreatic stent was associated with a decreased risk of PEP. Also, performing ERCPs in medium and large hospitals was associated with a decreased risk of post-ERCP bleeding and PEP. The increased risk of adverse event in cirrhotic patients was not observed in patients who underwent ERCP for purely diagnostic purposes. Therapeutic ERCP was associated with an increased risk of PEP and post-procedural bleeding. Previously published studies have reported variable rates of bleeding after ERCP in patients with underlying cirrhosis [3, 5, 6] . While two studies reported a higher risk of bleeding in cirrhotic patients compared to controls [3, 6] , one study did not demonstrate any difference [5] . Among the two studies suggesting an increased risk of bleeding in cirrhotics, one reported a 25 % rate of clinically significant bleeding after ERCP in patients with Child -Pugh Class C versus 3 % in non-cirrhotic patients [3] . In the other study, the rate of significant bleeding was reported as 3.8 % [6] . A recently published study reported a bleeding rate of only 1.1 % in cirrhotics [5] . In the present study, the rate of bleeding was 2.1 % and was significantly higher in cirrhotic patients than non-cirrhotic patients. The discrepancy between this study and some of the earlier studies could be because of differences in the patient populations and type of procedures. For instance, in the study by Adler et al. [5] , biliary sphincterotomy was performed in only 15 % of the procedures (82 of the 538 procedures), while 57.8 % of the patients in our cohort underwent biliary sphincterotomy. We also observed that the risk of post-procedure bleeding was higher with compensated cirrhosis. This may be related to the fact that, even in early well compensated cirrhosis, platelet dysfunction may be evident secondary to portal hypertension. This may also explain the low risk of adverse events in patients who underwent ERCP for purely diagnostic purposes. Previous meta-analyses have shown that sphincterotomy, coagulopathy, use of anticoagulants within 72 hours of sphincterotomy, precut sphincterotomy, and low case volume of the endoscopist were associated with post-ERCP bleeding [13 -15] . We observed that performing ERCPs in medium and large size hospitals decreased the risk of post-procedure bleeding. Better experience of the endoscopists in managing complex cirrhotic patients, a larger caseload, and appropriate infrastructure to deliver high-quality outcomes in a larger center may explain the improved outcomes.
▶
Although on univariate analysis, we observed an increase in the risk of PEP in cirrhotic patients, after adjusting for other factors that increase pancreatitis risk, the presence of cirrhosis did not increase the risk of PEP. It was interesting to observe the higher rate of PEP in patients with alcoholic cirrhosis compared to non-alcoholic cirrhotic patients. The 2014 European Society of Gastrointestinal Endoscopy prophylaxis of PEP guidelines has suggested that there is no evidence to support the impact of hospital ERCP volume on PEP [16] . A previous study using the NIS database has reported that performing ERCP at high-volume hospitals had lower procedural failure rates [17] . Our data indicate that performing ERCPs in medium and large hospitals is associated with a decreased risk of PEP.
We did not find a significant difference in the risk of post-ERCP infections in patients with and without cirrhosis. Infectious adverse events were very uncommon in our cohort with an incidence of 0.3 %. This risk is less than that reported in a recently published study where infections occurred in 16 procedures (3 %) [5] . Most patients with cirrhosis are on antibiotics for spontaneous bacterial peritonitis prophylaxis and all patients with recent variceal bleed are also on antibiotics. This may explain the low risk of infections in patients with cirrhosis. Our data complement other studies reporting an increased PEP risk with biliary sphincterotomy and a decreased PEP risk by using prophylactic pancreatic stenting [16] . We also observed that decompensated liver cirrhosis is associated with increased length of stay and hospitalization costs after ERCP. This is likely related to an associated increased risk of adverse events when ERCP was performed on patients with underlying cirrhosis. We also observed that an increase in the Elixhauser index was associated with a decreased length of stay. It is likely that sicker patients are more likely to die in the hospital resulting in decreased length of stay. This is reflected in the higher hospitalization costs for patients with higher Elixhauser index. We also observed a decreased length of hospital stay in patients admitted to teaching hospitals compared to non-teaching hospitals. The availability of appropriate infrastructure with multidisciplinary support to deliver high-quality outcomes may explain the lower length of stay in teaching hospitals.
Our study had several limitations. The diagnostic codes and identification of comorbidities are dependent on the accuracy ▶ . In addition, we could not study whether the presence of primary sclerosing cholangitis (PSC) impacted the risk of post-ERCP adverse events. The code used for PSC is not accurate in these databases which limited our ability to investigate this subset of patients [18] . Moreover, the database reports only inpatients with cirrhosis who undergo ERCP. The NIS database does not provide information on use of pharmacological prophylaxis such as rectal indomethacin or laboratory values used to calculate the model for end-stage liver disease score or the platelet count and the internationalized normalized ratio which may impact the outcome, in particular bleeding risk in patients. Additionally, we observed a high proportion of patients (26 %) who underwent ERCPs for purely diagnostic indications in our cohort. This may reflect practice pattern differences in smaller hospitals where the lack of a dedicated radiologist or lack of endosonographers could explain the increased use of ERCPs for diagnostic indications. We also observed that alcoholic cirrhosis constituted only 10 % of the cirrhotic population. Errors in coding could explain both of these observations. Finally, in our study, we included all cirrhosis patients but part of non-cirrhosis patients randomly selected from the NIS data. The variances of the non-cirrhosis cohort might be underestimated because we ignored an extra sampling error of this cohort. However, this sampling error was actually rather small given the large sample size of this non-cirrhosis cohort (over 12 900 patients). Despite these limitations, this study has several strengths and clinical implications. Use of data from a nationwide representative sample increases the generalizability of the results and minimizes the possible biases that may be seen with single-center studies. To our knowledge, this is the first population-based study from the USA to assess the safety of ERCP in patients with liver cirrhosis. Overall, ERCP can be performed safely in cirrhotic patients with the caveat that it may increase the risk of post-procedure bleeding. Performing biliary sphincterotomy judiciously and referral of cirrhotic patients for ERCPs to large hospitals may improve outcomes.
▶ Appendix 1 ERCP ICD-9 procedure codes used for inclusion of patients in the study. 
